Fibrinogen is related to the pathogenesis of atherosclerosis. The inflammatory process in atherosclerosis may cause an increase in plasma fibrinogen level. Therefore, in this study we proposed to investigate whether plasma fibrinogen is associated with the patency of saphenous vein graft in patients at least 1 year after coronary artery bypass graft (CABG) surgery. Methods: Patients who had undergone CABG surgery at least 1 year previously with at least one saphenous vein graft were included in the study. Patients were directed to cardiac catheterization for stable anginal symptoms or positive stress test results. Before coronary angiography, all patients underwent routine blood tests including assessment of plasma fibrinogen levels. Results: Saphenous vein grafts were found to be patent in 199 patients and occluded in 132 patients. Plasma fibrinogen levels were significantly different between the two groups (2.85 ± 0.49 g/L vs. 3.62 ± 0.82 g/L, p < 0.001, respectively). Although the time duration after CABG operation differs significantly between the two groups (p = 0.004), multiple logistic regression analysis showed that plasma fibrinogen levels were found to be significantly associated with the patency of vein graft (odds ratio = 0.27, 95% confidence internal: 0.16-0.48, p < 0.001). Conclusions: Our results demonstrated that plasma fibrinogen levels were higher in patients with an occluded saphenous vein graft. To conclusively prove the relationship between plasma fibrinogen values and saphenous vein graft patency, additional investigation would be necessary.
INTRODUCTION
Coronary artery bypass graft (CABG) surgery is effective for treatment of coronary artery disease (CAD). The autologous saphenous vein is widely used as a conduit to bypass significant lesions. However, the long term patency rates of saphenous veins are low due to atherosclerosis. Inflammation plays an important role during all stages of atherosclerosis, from its initiation to progression. 1, 2 Saphenous vein graft (SVG) disease is composed of three discrete processes; thrombosis (first month after CABG), intimal hyperplasia (between 1 month and 1 year), and atherosclerosis (> 1 year after CABG). 3, 4 The relationship between the body's coagulation system and atherosclerosis has long been recognized. Plasma fibrinogen is an acute phase reactant with known inflammatory markers, but it also affects platelet aggregation and blood viscosity. 5 Several trials have demonstrated that high plasma fibrinogen concentration is associated with CAD. [6] [7] [8] [9] Therefore, increased plasma fibrinogen level may be related to SVG patency after CABG. In this study we aimed to investigate whether there was a relationship between SVG disease and plasma fibrinogen level in patients with CABG surgery examined > 1 year after the index operation.
METHODS
The study population was composed of 331 patients (198 male, 133 female, mean age 63.5 ± 10.0 years) who underwent coronary angiography more than 1 year after CABG surgery with at least one saphenous vein graft. All patients had stable anginal symptoms and/or positive stress test results. Exclusion criteria were determined to be acute coronary syndrome, decompensated heart failure, idiopathic dilated or hypertrophic cardiomyopathy, active chronic infection, connective tissue disease, congenital heart disease, renal or hepatic dysfunction (creatinine > 2.0 mg/dl, liver transaminases (AST, ALT) > 3 times upper limit of normal, respectively), recent history of blood transfusion, and malignant neoplasm. Complete medical history including coronary heart disease risk factors was obtained from each patient. Laboratory parameters were specified with standard methods. Blood samples were obtained following an overnight fasting period before coronary angiography. No smoking, exercising and drug use were permitted and at least 30 minutes of resting was achieved before venous puncture. Blood samples taken once from each patient for measurement of plasma fibrinogen were analyzed by CA-7000 coagulation device (Sysmex, Kobe, Japan) using thromborel S reagent kit. Normal plasma fibrinogen levels range from 1.5 to 4.0 g/L. Left ventricular ejection fraction was calculated by modified Simpson's method on transthoracic echocardiography.
Coronary angiographies were performed via femoral artery using the standard Judkins technique after all patients gave informed consent. Saphenous vein grafts were displayed with appropriate catheters in at least two different projections. Aortagraphy was performed in case the SVG could not be visualized. Angiographic data were interpreted by at least two experienced cardiologists who were unaware of the patients' clinical information. Occluded grafts were defined as a luminal stenosis ³ 70% or absence of distal TIMI 3 flow.
Statistical analysis
Data analyses were performed using SPSS 17.0 statistical software. Continuous variables were tested with the Kolmogorov-Smirnov method. Parametric variables were expressed as the mean ± standard deviation and categorical variables as percentage (%). Student's t-test and Mann-Whitney U test assessed continuous variables with and without normal distribution, respectively, while the categorical variables were evaluated by c2 test. Analysis of variance was used to determine the relationship between the number of occluded SVG and the plasma fibrinogen level. Receiver operator characteristic (ROC) curve analysis was performed to identify the optimal cut-off value of plasma fibrinogen level (at which sensitivity and specificity would be maximal) for the prediction of saphenous vein graft disease. The odds ratios and 95% confidence intervals were estimated with a logistic regression model to evaluate the independent predictors of occluded SVGs. A p value < 0.05 was considered as statistically significant.
RESULTS
Saphenous vein grafts were found to be patent in 199 patients (60.2%) and occluded in 132 patients (39.8%). Table 1 shows baseline characteristics of patients with occluded and patent grafts. There were no significant differences between the two groups with respect to age, sex, prevalence of hypertension and diabetes mellitus, and left ventricular ejection fraction. The mean time between CABG and coronary angiography was longer in the occluded group. Serum levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol, hemoglobin, hematocrit, and red blood cell distribution width (RDW) were similar between the two groups. However, serum high-density lipoprotein cholesterol, sedimentation rate, mean platelet volume (MPV) values, and serum uric acid levels were significantly different between the patent and occluded graft groups. Although salicylate use was similar between the two groups, lipid-lowering drug use was significantly higher in patients without stenosis.
Plasma fibrinogen levels were significantly higher in patients with SVG stenosis than in patients without stenosis (3.62 ± 0.82 g/L vs. 2.85 ± 0.49 g/L, p < 0.001, respectively) ( Figure 1 ).
There was a significant elevation in fibrinogen levels with an increasing number of occluded SVGs, such that 1-vessel (n = 94), 2-vessel (n = 31) and 3-vessel (n = 7) occlusions had mean fibrinogen levels of 3.54 ± 0.78 g/L, 3.76 ± 0.93 g/L and 4.11 ± 0.59 g/L, respectively (p < 0.001). Table 2 presents the adjusted odds ratios for risk of development of saphenous vein graft disease in univariate regression analysis. Other than smoking, mean time after CABG surgery, MPV level, sedimentation rate, HDL cholesterol level, uric acid, statin use, and fibrinogen level were predictors of saphenous vein graft disease. In multivariate regression analysis, the time interval of saphenous vein graft, MPV level, high density lipoprotein (HDL) cholesterol level, and plasma fibrinogen level were found to be independently associated with the patency of saphenous vein graft (Table 3) .
In addition, a plasma fibrinogen value > 3.45 g/L was determined to predict saphenous graft vein disease with a sensitivity of 57% and a specificity of 91% [AUC (area under the curve) = 0.784] (Figure 2 ). 
DISCUSSION
CABG is of great importance with respect to treatment of CAD despite the fact that saphenous vein graft patency has poor prognosis in the long term. [1] [2] [3] [4] There are many risk factors for SVG disease including smoking, longer intervals after CABG, hyperlipidemia, and diabetes which may cause thrombosis, intimal hyperplasia and then atherosclerosis. 10, 11 One major problem of graft failure can be atherosclerosis after one year from the index operation. 7, 12 In our study, patients with occluded SVG have significantly higher fibrinogen levels than patients with patent SVG. Diabetes, hyperlipidemia and atherosclerosis were strongly associated with graft failure in patients who underwent coronary angiography after CABG operation. We found that patients with occluded saphenous vein graft had significantly lower HDL-cholesterol levels. Total cholesterol, low density lipoprotein (LDL) cholesterol and triglyceride levels were not significantly different, and age, gender, diabetes, and hypertension were similar between the two groups.
The study in which 192 patients with CABG were included reported that elevated serum uric acid levels have been associated with saphenous vein graft disease. 13 In another study, increased levels of MPV were correlated with damage to the saphenous graft.
14 In our study, the group with an occluded saphenous vein graft had significantly higher MPV. In addition, in the regression analysis, it was found to be a risk factor to predict saphenous vein graft occlusion. Serum uric acid levels were significantly higher in the group with an occluded saphenous vein graft. In a study investigating reasons of early saphenous vein graft failure, patients with multiple saphenous vein grafts needed additional revascularization procedures during subsequent years. 15 We observed that the number of saphenous vein grafts were significantly higher in the patent group. Due to the fact that control of traditional risk factors including hypertension, diabetes, smoking, and hyperlipidemia do not prevent coronary artery disease, this has led to a search for new risk factors. One of these new risk factors, fibrinogen, is a marker of inflammation. [16] [17] [18] [19] [20] Observational and epidemiological studies including National Cholesterol Education Program (NCEP) and Adult Treatment Panel III Guidelines Manual (ATP III) have drawn attention to the role of fibrinogen that may potentially predict total cardiovascular risk in addition to classical risk factors. 21, 22 Fibrinogen levels increased the risk of coronary artery disease by 1.8-fold. Additionally, smoking cessation, exercise, weight loss, and fibrates reduce the level of fibrinogen. Fibrinogen is an important part of the coagulation pathway and plasma viscosity, as well as the basic substance as an acute-phase reactant. High plasma fibrinogen concentration in studies has consistently been found to be associated with an increased risk of cardiovascular events. 6 Fibrinogen levels were associated with several traditional risk factors. 23, 24 In multivariate analysis, when
Sinan Cersit et al. these factors are included all together, it continued to be statistically significant in spite of the weakening of the relationship between fibrinogen and cardiovascular disease. 25 In the largest meta-analysis, plasma fibrinogen concentration in healthy middle-aged subjects has been found to be a strong risk factor for coronary artery disease, stroke and other vascular mortality. 1 g/L higher fibrinogen level was correlated to increased risk of coronary disease with a 2.42 ratio. 26 In our study, higher levels of fibrinogen were found in occluded SVG patients, although the mean values were within the normal range. Clinical conditions affecting and causing very abnormal fibrinogen levels were excluded from the study. Although epidemiological studies have demonstrated that elevated fibrinogen levels are an independent risk factor for atherosclerosis, the strength of the causal association needs to be addressed. One explanation can be genetic variation in the gene encoding fibrinogen, such that subjects with genetic polymorphism have been shown to be associated with elevated levels of fibrinogen compared to control subjects. 27 To the best of our knowledge, this was the first study to demonstrate a relationship between SVG disease and plasma fibrinogen level in patients with CABG surgery examined > 1 year after the index operation.
There are some limitations to be considered when evaluating the results of the study. First, laboratory data including particularly plasma fibrinogen levels before the CABG were not available. Therefore, it was not possible to make comparisons of baseline and follow-up values. Second, we only examined the patients with stable angina or positive stress test result > 1 year after CABG surgery. Time factor is crucial for saphenous vein graft failure. Third, although the coronary angiogram is the gold standard used to document the extent of graft stenosis/occlusion, it is difficult to delineate the nature of the lesion -which can be demonstrated by cardiac computer tomography angiography as intimal hyperplasia and atherosclerosis. However, no computer tomography data were present in our study. Fourth, unfortunately, no high-sensitivity C-reactive protein data was available to make any comparison between groups and association with fibrinogen levels. Finally, our study is retrospective in nature. Therefore, prospective randomized studies with larger sample sizes are needed to consider fibrinogen as a risk marker for graft patency.
In our study, only the relationship between plasma fibrinogen level and saphenous vein graft patency has been shown. It is difficult to prove whether or not increased plasma fibrinogen levels cause saphenous vein graft occlusion, or vice versa.
CONCLUSIONS
This study demonstrated for the first time that saphenous vein graft occlusion in patients undergoing CABG surgery was significantly associated with plasma fibrinogen level. Plasma fibrinogen in these patients may be an independent risk factor in predicting late saphenous vein graft disease. Further studies with larger sample size are required to evaluate plasma fibrinogen and bypass grafts.
